Adenosine and a nitric oxide donor enhances cardioprotection by preconditioning with isoflurane through mitochondrial adenosine triphosphate-sensitive K+ channel-dependent and -independent mechanisms.
Preconditioning with isoflurane has been shown to confer cardioprotection via activation of mitochondrial adenosine triphosphate-sensitive K+ (mito K(ATP)) channels. However, the relative contribution of mito K(ATP) channel and non-mito K(ATP) channel mechanisms to isoflurane-mediated cardioprotection has not been investigated. Isolated and buffer-perfused rat hearts were used. Flavoprotein fluorescence was monitored as an index for mito K(ATP) channel activity. Isovolumic left ventricular function and infarct size were measured as indices for cardioprotection. Flavoprotein fluorescence, which was monitored as an index for mito K(ATP) channel activity, was increased by isoflurane and a known mito K(ATP) channel opener, diazoxide, in a 5-hydroxydecanoate-sensitive manner. Although flavoprotein oxidation induced by diazoxide was dissipated soon after its removal from the buffer, flavoprotein oxidation induced by isoflurane was sustained after cessation of the treatment. The sustained increase in flavoprotein oxidation was associated with a significant reduction in infarct size after 30 min of ischemia followed by 120 min of reperfusion. Although adenosine and S-nitroso-N-acetyl-penicillamine each alone did not increase flavoprotein fluorescence, nor did they confer significant cardioprotection, coadministration of adenosine and S-nitroso-N-acetyl-penicillamine with isoflurane conferred a highly significant reduction of infarct size and improvement of left ventricular function without increasing flavoprotein oxidation over isoflurane alone. The early treatment with 5-hydroxydecanoate before and during preconditioning completely reversed flavoprotein oxidation and inhibited the infarct-sparing effect of isoflurane and combined preconditioning with isoflurane, adenosine, and S-nitroso-N-acetyl-penicillamine. The late treatment with 5-hydroxydecanoate after preconditioning abolished flavoprotein oxidation and the infarct-sparing effect of isoflurane but only partially inhibited cardioprotection conferred by the combined preconditioning, despite complete abrogation of flavoprotein oxidation. Mito K(ATP) channel activation is the essential trigger of both preconditioning with isoflurane and combined preconditioning with isoflurane, adenosine, and S-nitroso-N-acetyl-penicillamine. Mito K(ATP) channel activation is also a crucial mediator of cardioprotection afforded by preconditioning with isoflurane. However, enhanced cardioprotection conferred by combined preconditioning is mediated through both mito K(ATP) channel-dependent and -independent mechanisms.